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1 

MIS y 'J v>mm,<r> p sMit;*/ y ai^^^^jkc , iria 
y-^s^©aT^jg{*i^i!trau-c. cu. Qx^^<:^n 

"-«#®"tT«mr//y->yx^E^!^^(£ii<ri7^if; 

^ 1 tm,(Dm'ci} y "i? Ais-ft-^ii^i* u — if. 

0 . 5 M m feLh 1 0 y m^UT©KilTiira L T n 
[iil^4] irfa3fe9fe4XMl^*s. y i^©iSTa5i 1 

[ ft«31 7 ] H«f a5l£i»iRMJI5®:^M%M^©^Afi 

1 X 1 0' » /cm'jy±l X 1 0' ' /cm'JWT 
r*SC<!:%#iii-r4. 1 f Bl8©^<b^ y A 

»{b-^*^i^— !f, 

[ mm^ 8 ] Mi a3fciRiR^Ji?©^iKjM^^<Dj3iAa 

1 X 1 0' ^/cm'^i(±l X 1 0 ' '/cm'fe(T-C 
ASCi^r^ir*. ii^:®8iB«g©M^bj!/y -i/A* 

{b^«gj¥3S«:u— y, 

[0 00 1 ] 

[|%B>^©II-riS^I5:»»] *^?attM^b:</y -^Alfe^^ 

Wb-^u— tfCcKT'S. 

[0 0 0 2] 

nri-^^o Wfe^^^^u— tfturtt. S^b;</y'?AS 

[0 00 3] 7l£f"-f miiDVD©7'-^?ic*IR 
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(7r-7^-;l'F>'S^->. FFP) ©ctJ'C^fi[g*s¥>J 

— !f ©^31 cfc o rmmr s c i *sr # s . 

[0004] iji^ft U-1f©f^&«)&«jS«. 

10 ^ <DH«ji) r*s. DH^ji»ritta'^©^f y 

4ia6-:>/c^©r&-5. DH^JS©— ate. rSttSi P 

eaii^(Sj©gi*- F (Sitsi^-F) ^pmri>ct 

[0 00 5] ^©siL^^-Ftcm-c. 3 6{caiJi* 
20 ^:^r6]©m*"F (*¥«i^-F) fc$ijffli-r€)/c*tc. 

m ( y --^e^Ji-^j^tpyifa^TS) a(Dmnmrj:imm<om 

[0006] 

30 y i^jg^;^ F ^ T'^JStcte W S3feB5 D iifel^ro^ 

•c» !S < > y i?©iaTMi^*i 6 y y v>!^m.i^^ t wm. 

fc^fe (iin*) «^tg-rsu— tfTfei^tcismsn. f 
F pr»>' -f X ( y i ur^ti-s. c©f f p 

©y f 7';KcJ;-pr> tfX!j<^' F©ft^(C^^$rlr 
fcU. DVD^©3fe7'-/Xi'SxXf-A©^*aL/ -Utr 

ji;?)ixv-©— HiJSS, ■€-c:-c:$:^HJ»y ty::^;i'©^i: 

C^F F P4^-r U— tf«:f#-SC i^gWi-r^. 
[0007] 

40 [»®*»9fr-5fcisf)©*l2] SS*«^-r-5ft:Js{)tc. 

^ p b;«/ y A3Rib^!|?5^iitt® i n msittf y 

A^^b^^^^«^*®t-cM^/■ca)i«3g*wu. pms 

{b^^/y'i'Asftfb^^^ftgi&sgp^e^jfc^^snry 

tc*iUT. iifa y -^^ i^mmopmmita y ais*?^^ 
isfc. Mia y i^©iST^Jg?3&> 6iitra ur. c u . c r 

50 brfc:jfe©®iix^wJi^-r-s©-c. ^ats^s^^jk 



aTM^ (c ft A L I ^ <fc ^ K: -r -5 fcifef * S o 
[ 0 0 0 9 ] S /c. TfeKiR^l^* y i^©itTMl«ig^ 



Jf*©J^l^ffir3fej!>SSIt-r i C i K: J: 0 ;J<ilig[*- K 4 

M^3t»JeAb«cl^J:5{ca«ly!?c<T»!&:e>^cl^. fifo 
it. y i>i^6!RJRMJg?<i:©iSijt3«)S|8tn-rifT4> J:< 

Ji-?-©^teiS[i*KJixjS!)m©«t*a^t,^*i6> ®-rs 

ilMgg{K»0. 5-1 0 MmiJSO. 36K:Sf$L/<« 

[0010] :^mmv. ^mim.'f^mxitir<D^'>tj: 

:^-rfej:(,^*j. ai3^isi©^i^!^lli=-«Afi[S©M 

i/t,». s/ciin:)6»3fe«j«iJi(c^sfe-r5©t?. sgs:)^isj 

«:4sl^^:T:iffiigjM^©?ffiK^©t-5'3ii. 

§SR^nmi''7y KB«:|jS5$n-Cl»-S±r©Jl©il^* 
Jib. Ctl«±<!;br^©HDjii!t>*5tfton-5Jl*,m» 

[001 n :*:^HJr*iJffl-r^31&KiRMJ^r«. ^^^^^ 
lS^=-©aiffi4At < -r 4 C t (Cd: -^■Ci^JtX^!^3^si«3!JB■r 
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;*:|%iJg©S8«j-r*-5iinit©l»JlXtSfi6*^t- 
eK:». 2iA-r^^iffi!K5Jl^^©fi«i X 1 0 » » ~i X 
10' ' /cm'©|IH«c*n«J:< . JifSl/<tt. 1 
X 1 0 ' *~1 X 1 0 • '/cm'-C*-5, 
[0012] 

m^ommom^] *^B^©s{b;yyi>A3^t^# 

«. GaN. A IN. fcU<«InN. XBCn6©S 

10 sr*5^ib;«/y5As^b^**» (i n. a 1 . g 

a , - . - rfi~0~^~x7~0'^ y . x + y ^TyiSSIg 

■5. ^©ffi(c|(ries^b^fyi'A«{b^!Bj¥^ft©-Si5 

[ 0 0 1 3 ] a 1 ». *:^H^(C^S^^b;y y AlSfb^ 
JKMl^iii* U-1f ©-«^=&5^-r»fffiS-C*S. G a N«« 
1 0 1 ±{C*jl»r. I n. Gai.. N (0 ^x< 1 ) 
6fi£^T§ttJSl 0 7 3&J. nSA 1 , Ga, - , N (0^ 

y< 1 ) ai 0 3—1 06 i^mmcycDmitm^j:^) 

t. PMA Ix Ga, - X N(0^z<l)J110 8~ 

20 111 {&mmicz(Dmitmfj:?>) (cj;-5-rj^sn-c*j 
[ 0 0 1 4 ] 02». a 1 {c^b/c*^f*u— tf©a® 

«ii©^-^. 5l&!RiRMJS©?gfi£CcMt-*g|5^5-^:«liaO-C 
H^Ufcfe©^*^. ^»RM^1«. 7fe:y-fFJil0 
9. i'^u' FBI 1 0=&!m^mi>. A^^XVvl^:^ h 
^■i-:f^mfiSiL,fc^liC. tJ^fflUJC^Cofcp^:^?-^ F 
e©ffS®tiBK:. ^iM^;i^4«AL.-CJ|^5SSti5. 

30 €:0fiSr-5&SB. ^fe®JR«^©«SffiA i y i' i^oaT 
^l^O^ffiC. Ri>'^fe®iRMJ^©^Bi y u'J^CBT 
Mi|8©JlSBD*s. *J©*J©0. 5 ~ 1 0 Atm/cWitn-S 

[0015] OT. 0 1 K:^T^{b:^f y A^b^^ 

«10 1<i:L/r». GaN*ffll^SCi*W*L'l**J. 

40 ^ibJtfy>?AS<b^!^4^<*iM^t5P«a«R4ffli'^-c 
fe^i>. saKSiLTtt. m^it. cm. r®. sc^ 

ASOt^-rnj&i^^Bi-r-Slf^r-l'T. (M 
kA l,0,©J:9!Q:i|i6ilittaffi. SiC(8H. 4H. 
3C*#tf) . ZnS. ZnO. GaAs. Si. RZ/ 

mittf'j -J? A5ft{b#«j^f*its^^-r*SKbi^« 

50 :t:7T>i^^i'L/rt^-c^>J;<. c© 



(4) 



[0016] ^»««rffiC»Si»^{CB. ^-c y y r ® 

^) i Ur, -eOffetC, EL0G(Epitax1anv Laterally 0 
verqra«th)(SS$1f/c^^b:«/'; -t; AlS{b^!^^^*ffl 
l,^5ife^tt*s^^c^«aS*if#6nS, elogrSSB 

m^mwm^ms:$i±. ^ommicmttf >; -^j b^ 
fc-^^i^mmt. mtij ^ j^mt^'^mw^M^ 20 
i'^j^ e.§<b3!/ y j^mt-^^w^mSi^ *s c 

$nict{c<tD. vxi/^«:fe^fb:</y'i7A3^b^ 
msrcu.. s«»«±{cjigss-a-/c^{b//y'?A»<b^ 

[0 0 1 7 ] 0 >'n'!?7tB 1 0 25r/h 

L-r. nS?^<b;tf>;'?Aj^<b^¥**Ji-C*.5nM3 30 

Fg 1 0 5 > SLi>*nSf5fe:«/-f F« 1 0 6*i0^SSn-Cl^ 
4, nM^"?-^ Kill 0 5=&^<ffe©««, I — Iftcj: 

iUT^j^l^, 40 

[0018] n§miM'j fjM.^t^^mi^m i o 3 

~10 6©±{Ctt> S-ffill 0 7*i}i5fiSSnrt^-5, rS 
ttB 1 0 7 «. Blri^Ojl*) . I n. , Gaa_. 2 N#F 
)i(0<x,<l)tIn.2Gaa..2 NKMJl (0 
<K X, >xa ) immti:^mci-f^icWiK> 

0<»ixio' ' ~lxio' • /cm 

' ©tftS-cF-T'i/rffj^sn-ct^s. so 
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[0019] fi*«-®M)l©±(c«. pS!^{b;<f'J -i? AIS 
ib^igj^(*JiiL-C. p a^^f-M C-ji&S 1 0 8 . p 
FB 1 0 9 , pMi'^ FH 1 1 0 . pa=i> 

i'i' Fill 1 idi!0fiS$nTt>.s. pMi'z'y vmi 1 

iW«5^F-:7'L^C*56J5£S$-t±TpMiUT^>ai.^b. 
[0 0 2 0 ] pMS^=-BflOii&Jll 0 8tt. pMif^y 

m 1 1 0 .to feists A 1 m^mtt^nr>pmmt:fj'j 

N (0. l<x<0. 5) ?5:-5ffifiS^Wr-5)o M 

g^©pS^!^*sii;?«i[t?. iff i < tt5 X 1 0 ' ' 

~lxiO'°/cm» ©?^r F--7*3tlTl,>S. C 

ncc J: 9 . p DjiabS 1 0 8 m^^rSfta 

[002 1] pS!^{b:«/y ^j^mt^iS9^mi^mo'^ 

^. pM:J6Af-Y Fei 09©3^4'$-cy-^i>;^h^'r7" 

j&ifl^figsn. 36tc, ^jgtiei, 18 2, pmmm 

120, namSl2 1. p>'N*-;; h^ffil 2 2. RCf^'n 
-'f-y F««Sl 2 3*JJ^^!S3*i-r^^U— !f36«#fiS3n 

[0022] ^fRifummt. Tt^pumm^mxicjur, r 
ittf j^it^m^mii^<Di^FB^^m-r ^um. (i o o 

J: ^ ^cil^^^fflt^^fci LT«>¥«^*J 1 0 0 0 -cicmr 

[0023] :t>fT-fej&*Ofl6©W^», JniiWE* 
[0 024] ziA-r ^©M^^OS-fb// 

y A^^Wb^jesrtfcfc w i,mi.miK. «fc o r s 



9 

7 



^mnLfclSifiBt Cu. Cr^WMb^ 

[0025] ^iffii^ll^©^ASfc^jc»bT. i^K©® 
jB^?cS=&^At-€.iie^©iB^Si*3!)JjK:®2nT« ^ 

5?^iSfc-r^!^ji^©#Aaw. 1X10' » ~ i x 

10''/cm'-C*D, 3 6{ClxlO''~lxlO 
' ' /cm'*!Jf3EH,i. 20 

[0026] Lmmm 1 1 ot. uss^^i L/t, a i «: 
[0 02 7] (asi 0 1 ) «^iL.-r. sastetcfts 

aN*/lM (1 0 0 Mm) -CfigS$1±/d*. ^aS?: 
^*U-C. 8 0 Mm©GaN*>6!5:S^^b:«f»;'^A?K{fc 

T©at)-C*i. 2-^>5^*, CB%^®if '51^:7t 30 
-fT<fc'3J&5Sa««*MOVPE5fSlfSrttC-fe-;; h 
L/. a@[«:5 0 O'CtCbT. h ;l///y r> A <TM 
G) . 7>^::-r (NH^) G aN j:^) rj:i>^^ 

y7rJl=&2 0 0A©M/Pt?^S3l±. ^©^, iaS* 
±lfr. T>K-:?'©GaN* 1 . 5Mm©MJ¥-C^S 
3-fi-r. TifiBi-rs. TtfeJiaSfCXh^'TT' 

mtt} <J ^ i^mt^^W. ^mmn^ G a N 
mS3li-C. SI:^lSj©fiSfi*#ofc^S (ELOG) 
tCj:0f!SM3nfcg{b:</y -JASR^t^i^^^ft:®^. 3 40 

^1^* b r , ^{ b// y A j^{b-^!ej*^«iaffi*f#s . 

C©^. StR^S^©v;^i7«, S i 0,3&ie,35c»). 
5 Mm> rapgp (SSSIJ) ins /imif-S. • 

[0 02 8] 7Tjil 0 2) ^{bJ^/y-i/AIS^b^ 

^^i|i^fta^©±{c> >'N' f :7TJlRSSf*. MS^ 1 0 5 
O'CtCLT, TMG { hy^5^;U:«/y>?A) . TMA 

( h yy9^;l/T>'l'5-r>A) . T>*-T?:ffll\ Al 
o.osGao.,sNJ:'^^cS-'^'^» 7tJ11 0 2^&4Mm©M 
J5'CfiXfi3l*S, C©jiW. A 1 GaN©nM3>i'i' 50 
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hJii. GaN*'6:^cSS{b:</y -^AaSYb^^^f^S 
y'5A3Sfb^*ai^*i6J5:-5TS!i®©±fC. U— lf« 
[0 02 9 ] (nSaVa^i' hJi 1 0 3) ;^c{cf#6n;fc 

>'^*?'7Tlil 0 2±{CTMG. TMA, T>*^T, ^ 

mm-^y-t-x^xiyv^^i^-^^m^^. io5o*c-csiF 

-T'L/cA l,.,,Gao.,,NJ:0a'6nM3>i'i' h 
1 0 3*4 Mm©MJlt?^*3'ttS. 

[0 03 0] (^7 2>i'B&jbii 0 4) TMG> 



~TMT"(Ti;:5r?9i77":>s?"^r£^)T~T':^^ 

jaS*8 0 0°C(CI/-CI n,.,,Ga,.,,N j;0^c5i'^ 
f i'Be^ei 0 4*0. 1 5 Aim©M/?-CS£S3'a-S. 

[003 1 ] ( nMi' ^ f F» 1 0 5 ) i)i(C. iSS* 1 
0 5 0°C(CLT, M*^:*/;^CCTMA. TMGS,Z>*T>-t 
-T*ffit^ T>F-::^©A l..o,Gao.,,NJ:0^cS 
A;i*2 5 A©^t?RRS3-&. TMA*± 

^^may^thXly'jlyilT.^m^^. Si*5xl 
0'«/cm' F-:^L./cGaNJ:0!^j:-SB)l*2 5 A 

©jiiw-c^S3-&-5. ^bT, c©Sft<'p*-en-en2 0 
mm i&n^mM) J:^tj:i>nm^^ v fjb i o e^ss 

a^it-So C©R^. T> F-:/A 1 GaN©A 1 SSJt 
iL.-C«. 0. 0 5«±0. 3«T©ffiH'C*ntf, + 

[0032] ( nM3fe*f Fa 1 0 6 ) >^{C. |a|!fil©S 

S-c, M*47!/;^«:TMGSJ>*T>*^r*ffii\ t>f 

-^©GaNJcOJSinM^I&^'r FBI 0 6*0. 15 
Mm©li;i-rfiKA3-l±-S. ls/c> nS:^^*«i^*F-:/L/ 

[0 0 3 3 ] 107) as* 8 0 0 -ck: 

UT. m*4**;^«:tm I ( h yy 9^;i'-r>i^'i'A) . t 

;^*ffiC^ S i *5 X 1 0 ' • /cm" F--:/l/A:In 
o.o,Gao.„Nct»3^cSI*^ (B) *1 4OA©llg0 
■X?. iy'ylyti:^^±^, T> F-"?"© I n» . iG a.. , N 
J:»J«c€)#^® (W) *5 5A©|g;i-e, C©PtMJl 
(B) . (W) *, (B)/(W)/(B)/ 

(w) ©jutcaa-r sttB i o 7 «ijkw*\j5 0 

0 A©^«a^^#F^3§ (MQW) tt£i>, 
[0034] ( pStS^HaiS))! 108) AK.. PI«© 
SS-C. JlifSf;^X{CTMA, TMGSLi>'T>*^T*ffl 

;l'-7^/;^->'^7A) *fflC^ Mg* 1 X 1 0 ' '/cm' 
Y--:^l>fcA 1 ,.aGa,.,NJ:«3)5:4pMm^lflii)ll 
0 8*1 0 0A©Jli»-CB£S3-l+^. C©a«. ^<,CWL 



[ 0"'0 3 5 ] ■( vmiftii^ FJl 1 0 9 ) mts.^ 1 

T>F-:/©GaNj;f3!^j:^pS7fe:y-Y Fill 0 9 
40. 1 5 /imCOMJl'CfiSSS-a-^. C©pSBI&;</-{ K 

10 8, v>m.ipv V vmiQ Qm<Dm&mtr'h 

[0 03 6] (pMi?^-;' KJBl 1 0) i^(,»T, 105 

A©MJlt?J3Sfi3if, i^l,i-CTMA4±Je), Cp.Mg 
%fflt»r> Mg F-:7*GaNJ;0 3^c-5»4 2 5A<D)®/? 

-c^s$if. -en^g oei^OjIltmmwo. 4 5/i 

m©jB*S^®J:<9)&:SpS[;J'-7u> FJl 1 1 Oife^SSSHf 

i/r4>^t>, i'^i. FJii io«. A i^-^tsmm^} 

'OM.mt^m^m^m. *fto<«A uGai.xN (o 

<X< 1 ) *^tfiBte^«Jgi-r -S C i b < . § 
6K;Jf S L/<»GaNiAlGaN<!: ^S® l//cfi^^ 
mmtti>, pfln^^^» FBI 1 0*jBtS^^«jSi-r<5 

SCD-C. 5 FJie^(DJl#f^:dS/jN$ < 13: 

»5> S^fcvO F^> u'7'i4^;m^*-3!)iS:A:tf < 

®*S^iLfccitcJ:0> F)i@f*{c^•r•5t• 
[0 03 7 ] (pM3>d?i' FJii 1 1 ) gfgOC. 10 
bO'CV. pSi'5?' FBI 1 0©±tc, Mg* 1 X 1 
O'Vcm' F-P'Cfcpa[GaNJ;0ia:'5pa3>if 
i'FSl 1 l^lSOAOJg/fT^SS-tiS. pM3> 
tSfi? F« 1 1 1 »pM©I nxA IrGaa.x-rN (0^ 

K o^Y. x+Y^ 1 ) -cWfig-r-scids-rt. *f*u< 

»Me^ F"7'tfcGaNi-m«. p^SlZOiS 

1 1 SBf*5©-C. 1 X 1 0"/c m 

'J!il±©lS=<=i' UTiggt T^SCidsS *L/ 1, ixi 

'i'x^'N^Srg^H^ctj^ 7 0 O'C-CT^-y 
[003 8] «±© J; 5 hXmt:fj V ^ A jS-fb-^^ 
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6Kl'5aiU, S±Jl©pM3>^'i' F®©affi«:S i O 
,J;0^£.S«gJl>&JI5fiSur, RIE {imf&^A^^ys. 
v^yif) *ffi(,>S i C 1 ,ii7.tX.jc.'0:t-v=}-ytfl>. 

ai 0 3©affii&gttl$ ccDJ;'>icM{b:</';'i'A 

S i 0,*JS3lr»-5. 

[0 03 9 ] ;5<:k:±^U/c;^ F ^-f :/t^©3KgKMJSi 
10 or, y F-7'f7"ifc?^^r€>. ftiliop 

VDiiatcJiO. S i ^^b% (^iO-C, SiO,)J: 
D«c-5mi©«SJ@[l 6 1 *0. SumOMJl-CJ^fiSt^ 
fc^, 0 1 ©«^ 1 6 1 ©±tCgf^©Jigt^©VX i'* 

*Ht> R I E (jSJStt-r:t>Xf ?->4^) i^StcJ:0. 
Fv-fT-ifil. 6<im©»l©«g&gl 6 1 iT5, C 

(om. y f F ^ 7*©it3 (s-yf-y y^s ) 

pM3>f d'FBl 1 1, *JJ:iyfpMi'-5f FMl 0 

20 9, pm^i:f-{YmilO(0—^^s.y^>ifb-C. p 

FBI 0 9©|g;^*S0. 1 /imiJJc.5ai3*"C 

[0 040] (36®jR«i^) y --^ i^x F ^ 7"©±s, 

ffliJM, SO'y f i'flWffiKiai^TS^B Cpmf^-( FB 

1 0 9 ©stiiffi) © ^ ^ y f i^ffl)jH3&»e> 1 M -e©® 

H (S2K:5^L'fcpS5'-7 f FBI 1 0, pWttf^Y 
B 1 0 9 ©^ESP^JcfflS ) . F©vxy?:J^ 

30 jT^3i*^m*, Jnji«lE3 0 keVr6^5-H, d^-?^ 
-f:^->©#Aa ( F-XS) ttl X 1 0' » /cm^ i 

[0 04 1 ] 'Alc. m 1 (D^mrn i e i ©i^^iD^ z r 

K^b^ (3EiOrZ r O,) ^*)rj:i,m2<Dmmi 6 
25:, mi©«^16 1©±i, Xy?->i/'K:j;«3S 
WSnfcpM^feJt/'f FBI 0 9©±K:0. 5jLim©M/9 

CO 04 2] ^2©fiiaaiil 6 2Jgf[S;^, -^x/N^eO 

o-c-rjSftMa-rs, c©j:^(cs i o,jyii-©«|si-*m 

40 2©«^Mtu-cj&fi£u/t^. mzoDmmm^miM. 

tc, 3 0 0 -CJJii, S?* L < «4 0 0 •CIJU:. Siti^ U 

•i; A^b^iB5^3Si*©:»-ft?t§LS«T ( 1 2 0 O'C) 

[0 043] 'AiC^ >i;X>'N^7 •;;^{C«?tL', H 1 ©^ 

sail 6 1 *y 7 F:*-7?£K:J:0»*-r^>. c©c<b«: 
±0. pS3>5»i'FBl 1 1 ©±fctsi:te>nrt,^/c^ 

1 ©«SM 1 6 1 umiiS n-c. psi=j > i' f b**s 



u 



(7) 
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12 



20 



y ;^ >• 5 T'ODflWffl-. RZ/^tiicm^ti>^m ( P 

Fji 1 0 9 (Dmmm) (<cm 2 00^00^ 1 e 2 

[0 044] C©J:^«:> pMa^^fi? h® 1 1 2©± 
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♦ NOTICES*- 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] It has the laminated structure which sandwiched the barrier layer which 
consists of a gallium nitride system compound semiconductor in p mold gallium 
nitride system compound semiconductor layer and n mold gallium nitride system 
compound semiconductor layer. In the gallium nitride system compound 
semiconductor laser with which p mold gallium nitride system compound 
semiconductor layer is partially removed, and the ridge is formed Gallium nitride 
system compound semiconductor laser characterized by forming the light 
absorption field which estranges in p mold gallium nitride system semi-conductor 
layer of said ridge both sides from the directly under field of said ridge, introduces 
the impurity atom except Cu and Cr into it, and grows into it. 

[Claim 2] Gallium nitride system compound semiconductor laser according to claim 
1 characterized by being one sort chosen from the group to which said impurity 
atom changes from B, aluminum, and N. 

[Claim 3] Gallium nitride system compound semiconductor laser according to claim 
1 characterized by for said light absorption field estranging and forming it in the 
direct lower part of a ridge, and 0.5-micrometer or more distance of 10 
micrometers or less. 

[Claim 4] Gallium nitride system compound semiconductor laser according to claim 
4 characterized by for said light absorption field estranging and forming it in the 
direct lower part of a ridge, and 1 -micrometer or more distance of 5 micrometers 

or less. 

[Claim 5] Gallium nitride system compound semiconductor laser according to claim 
1 with which said impurity atom is characterized by being introduced by ion 
implantation. 

[Claim 6] Gallium nitride system compound semiconductor laser according to claim 
6 characterized by the peak of concentration distribution of said impurity atom in 
the depth direction of said laminated structure being in the lightguide containing a 
barrier layer. 

[Claim 7] Gallium nitride system compound semiconductor laser according to claim 
1 with which the amount of installation of the impurity atom of said light absorption 
field is characterized by being two or less two or more 1xl013-/cmlx101 7-/cm. 
[Claim 8] Gallium nitride system compound semiconductor laser according to claim 
8 with which the amount of installation of the impurity atom of said light absorption 
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field is characterized by being two or less two or more 1x1014-/cm1xl016-"/cm- 
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* NOTICES * • " 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to gallium nitride system 

semiconducting compound laser. 

[0002] 

[Description of the Prior Art] The demand to use to the optical disc system which 
the semiconductor laser using a nitride semi-conductor can reproduce 
[ information record and ] is high today. [ of large capacity, such as DVD, and high 
density ] It is considered by especially the next generation DVD treating digital 
image data for the short paddle blue laser of wavelength to be indispensable. As 
blue semiconductor laser, gallium nitride system semiconducting compound laser is 
the most leading. 

[0003] The laser spot used for data reading and the writing of an optical disk, for 
example, DVD, needs to be condensed by pinpoint, and, for that purpose, the 
center position of a far field pattern (a far field pattern, FFP) needs to become 
clear. Moreover, as for the perpendicular direction of FFP, and horizontal intensity 
distribution, it is desirable that it is Gaussian distribution. The condition of these 
intensity distribution can be called transverse mode, and it can control by 
structure of semiconductor laser. 

[0004] The typical structure of semiconductor laser is the double heterojunction 
structure (DH structure) which put the barrier layer by p mold and n mold cladding 
layer. DH structure aims at the carrier locked-in effect to a barrier layer, and the 
lockedHn effect of the light of a laminating perpendicular direction. The SCH 
structure where the lightguide layer is formed between [ each ] the barrier layer, p 
mold, and n mold cladding layer is in a kind of DH structure, and light is confined in 
the lightguide which consists of three layers of a barrier layer and a lightguide layer 
with this configuration. Thus, the transverse mode (perpendicular transverse mode) 
of the laminating perpendicular direction of light is controllable by SCH structure. 
[0005] Stripe geometry is used in order to also control the transverse mode (level 
transverse mode) of a laminating horizontal direction further in addition to the 
perpendicular transverse mode of light. Stripe geometry is divided roughly into gain 
guided wave mold stripe geometry and refractive-index guided wave mold stripe 
geometry. Light is confined in the directly under field of a ridge by the difference of 
the effectual refractive index of the directly under field of a ridge, and the other 
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field (the field outside a ridge is called) in inside, and the level transverse mode of 

light has the ridge guided wave mold stripe geometry controlled. 

[0006] 

[Problem(s) to be Solved by the Invention] However, in fact, the optical 
confinement in said ridge guided wave mold stripe geometry is not perfect, and the 
light of a minute amount is beginning to leak from the directly under field of a ridge 
to the field outside a ridge. The light (leakage light) which began to leak from the 
directly under field of a ridge is emitted with the laser beam to oscillate, and 
appears as a noise (ripple) in FFP. By this ripple of FFP, trouble is caused to 
condensing of a laser spot and it becomes the cause of the read-out and the write 
error of optical disc systems, such as DVD. Then, this invention aims at obtaining 
the laser in which FFP without a ripple is shown. 
[0007] 

[Means for Solving the Problem] In order to solve a technical problem, this 
invention has the laminated structure which sandwiched the barrier layer which 
consists of a gallium nitride system compound semiconductor in p mold gallium 
nitride system compound semiconductor layer and n mold gallium nitride system 
compound semiconductor layer. In the gallium nitride system compound 
semiconductor laser with which p mold gallium nitride system compound 
semiconductor layer is partially removed, and the ridge is formed It is 
characterized by forming the light absorption field which estranges in p mold 
gallium nitride system semi-conductor layer of said ridge both sides from the 
directly under field of said ridge, introduces the impurity atom except Cu and Cr 
into it, and grows into it. No matter what atom [ impurity ] it may introduce, since 
an absorption-of-light multiplier rises, especially the class of impurity atom to 
introduce is not limited, but if spread to the carrier recombination field in a 
luminous layer, since >!«5Sc>!«*>!«* and luminescence reinforcement will fall as a 
nonluminescent recombination center, neither Cu nor Cr is desirable. Moreover, 
since the diffusion coefficient in the inside of the gallium nitride system compound 
semiconductor of the impurity atom to introduce may move too that it is a large 
atom to the directly under field of a ridge after installation and may check 
luminescence, it is desirable to introduce an atom with the small diffusion 
coefficient of the small atom of an atomic radius etc. Still more preferably, mobility 
introduces the impurity atom of either of low B, aluminum, and N, and forms a light 
absorption field. 

[0008] In this invention, two conditions are mentioned at worst about the location 
which forms a light absorption field. The first condition of the location which forms 
a light absorption field is removing the directly under field of a ridge. The directly 
under field of a ridge is a guided wave field of light, and forming an absorption field 
there becomes the cause of reducing the luminous efficiency of laser. Next, it 
becomes conditions that a light absorption field does not touch the directly under 
field of a ridge. After introducing an impurity atom, even if it is predicted by 
thermal diffusion that an impurity atom is spread and expansion of a light 
absorption field breaks out as the result by it, it is for making it not trespass upon 
the directly under field of a ridge. 

[0009] Moreover, forming a light absorption field in the location which does not 
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touch the directly under field of a ridge is based also on the reason explained 
below. Ridge gUided wave mold structure has the description that the effectual 
refractive indexes of the directly under field of a ridge and the field outside a ridge 
differ, and when light reflects in the interface of the refractive index, it controls 
the level transverse mode. Installation of an impurity atom must be careful also of 
the effectiveness of changing a refractive index for an impurity atom not to 
trespass upon the refractive-index interface of ridge structure from a certain 
thing. Therefore, in consideration of migration of the impurity atom by thermal 
diffusion, it is necessary to form a light absorption field in the location distant from 
ridge both ends. Moreover, in order for the function of the leakage absorption of 
light to work effectively, the distance of a ridge and a light absorption field must 
. not separate too much. The clearance for which are suitable is set to 0.5-1 0 
micrometers from atomic thermal diffusion and the balance of the light absorption 
effectiveness, and it is 1-5 micrometers still more preferably. 

[0010] It is desirable to introduce an impurity atom by the ion implantation which is 
excellent in this invention at control of the impurity atom installation location of 
the depth direction, control of the amount of impurity atom installation, and mass- 
production nature although what kind of approach may be used for installation of 
an impurity atom. Moreover, since it generates in a lightguide, as for leakage light, 
it is desirable to locate the peak of concentration distribution of the impurity atom 
in the depth direction in a lightguide. A lightguide points out the set of all the 
layers pinched by p mold and n mold cladding layer, and this means the layer in 
which light mainly closes and eye is performed here. Between p mold and n 
mold cladding layer, since the lightguide layer, the electronic confining layer, etc. 
are formed other than the barrier layer, it is considered that those layers are a 
part of lightguides. 

[001 1] In the light absorption field used by this invention, an absorption coefficient 
increases by enlarging the consistency of an impurity atom. When there are too 
many amounts of installation, the crystal lattice itself is destroyed and it stops 
however, functioning as a laser component. In order to realize the leakage 
absorption-of-light function which is the purpose of this invention, maintaining the 
crystal structure, the amount of the impurity atom to introduce is 1x1014 to 
1x1016-/cm2 preferably that what is necessary is just to be in the range of 
1x1013 to 1x1017-/cm2. 
[0012] 

[Embodiment of the Invention] As a gallium nitride system compound 
semiconductor used for the gallium nitride system compound semiconductor laser 
of this invention, there is a gallium nitride system compound semiconductor 
(InxAlyGa1-x-yN, 0<=x, 0<=y. x+y<=1) which are GaN, AIN, InN(s), or such mixed 
crystal. In addition, the mixed crystal which permuted said some of gallium nitride 
system compound semiconductors by B and P is sufficient. 

[0013] Drawing 1 is the sectional view showing an example of the gallium nitride 
system compound semiconductor laser concerning this invention. The barrier layer 
107 which consists of InxGal-xN (0<=x<1) on the GaN substrate 101 is 
sandwiched by the n mold AlyGa1-yN (0<=y<1) layers 103-106 (the values of y 
differ for each class), and the p mold AlzGal-zN (0<=z<1) layers 108-1 1 1 (the 
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values of z differ for each class), and terrorism structure is formed in the so-called 
douBle. 

[0014] Drawing 2 extracts and illustrates the part about formation of a light 
absorption field among the laminated structures of the semiconductor laser shown 
in drawing 1 . After the light absorption field 1 carries out the laminating of the 
lightguide layer 109 and the cladding layer 110 one by one and subsequently forms 
a ridge stripe, it introduces an impurity atom into the position of p mold lightguide 
layer which became unreserved, and is formed in it. As for aperture-width w' of a 
light absorption field, and the relation with the ridge width of face w, it is desirable 
to make it w'>=w+1 micrometer. Moreover, the end face A of a light absorption field, 
the end face C of the directly under field of a ridge, and the end face B of a light 
absorption field and the end face D of the directly under field of a ridge leave 
respectively only 0.5-10 micrometers of locations which form the light absorption 
field 1, and leaves them only 1-5 micrometers respectively still more preferably. 
Moreover, although it is desirable that it is bilateral symmetry as for the physical 
relationship of two end faces A and B of the light absorption field centering on a 
ridge, it may not be bilateral symmetry. 

[001 5] Hereafter, the detail of structure is explained about the gallium nitride 
system compound semiconductor laser shown in drawing 1 . Although it is desirable 
as a substrate 101 to use GaN, a different different-species substrate from a 
gallium nitride system compound semiconductor may be used. The sapphire which 
makes a principal plane either C side, the Rth page and the Ath page as a 
different-species substrate, for example, Spinel (an insulating substrate like MgA 
1204, SiC (4H 6H)) ZnS, ZnO, GaAs and Si containing 30, the oxide substrate 
which carries out lattice matching to a gallium nitride system compound 
semiconductor can grow up a gallium nitride system compound semiconductor, and 
is known from the former, and a different substrate ingredient from a gallium nitride 
system compound semiconductor can be used. Sapphire and a spinel are 
mentioned as a desirable different-species substrate. Moreover, a different- 
species substrate is desirable in order that the substrate layer which consists of 
gallium nitride may grow with sufficient crystallinity, if what may be carrying out 
the off angle type and carried out the off angle type to the shape of a step in this 
case is used. Furthermore, the approach of removing a different-species substrate 
by approaches, such as polish, forming laser structure as a simple substance 
substrate of a gallium nitride system compound semiconductor after growing up 
the gallium nitride system compound semiconductor used as the substrate layer 
before laser structure formation on a different-species substrate, in using a 
different-species substrate, and removing a different-species substrate after laser 
structure formation may be used. 

[001 6] If it forms laser structure through a buffer layer (low-temperature growth 
phase) and the substrate layer which consists of a gallium nitride system 
compound semiconductor (preferably GaN) in using a different-species substrate, 
growth of a gallium nitride system compound semiconductor will become good. 
Moreover, if the gallium nitride system compound semiconductor which used as the 
substrate layer (growth substrate) prepared on a different-species substrate, in 
addition carried out ELOG (Epitaxially Laterally Overgrowth) growth is used, a 
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growth substrate with good crystallinity will be obtained. The mask field where the 
gallium nitride system compound semiconductor layer was grown up, and growth of 
a gallium nitride system compound semiconductor prepared and formed the difficult 
protective coat on the front face on the different-species substrate as an example 
of an ELOG growth phase, By preparing the non-mask field into which a gallium 
nitride system compound semiconductor is grown up in the shape of a stripe, and 
growing up a gallium nitride system compound semiconductor from the non-mask 
field In addition to growth in the direction of thickness, when growth in a 
longitudinal direction accomplishes, there is a layer in which the gallium nitride 
system compound semiconductor grew up to be also a mask field, and was formed. 
The layer which opening is prepared in the gallium nitride system compound 
semiconductor layer grown up on the different-species substrate with other 
gestalten, and the growth in a longitudinal direction from the opening side face is 
made, and is formed is sufficient. 

[0017] On the substrate 101, n mold contact layer 103 which is n mold gallium 
nitride system compound semiconductor layer, the crack prevention layer 104, n 
mold cladding layer 105, and n mold lightguide layer 106 are formed through the 
buffer layer 102. Other layers except n mold cladding layer 105 are also omissible 
depending on laser, n mold gallium nitride system compound semiconductor layer 
needs to have a band gap larger than a barrier layer in the part which touches a 
barrier layer at least, therefore it is desirable that it is the presentation containing 
aluminum. i\^oreover, it is made to grow up, doping n mold impurity, and is good also 
as an n mold, and each class is grown up by undoping and is good also as an n 
mold. 

[0018] The barrier layer 107 is formed on n mold gallium nitride system compound 
semiconductor layers 103-106. The barrier layer 107 has the MOW structure 
where the laminating only of the count with suitable Inx1Ga1-x2N well layer 
(0<x1<1) and Inx2Ga1-x2N barrier layer (0 <=x2<1, x1> x2) was carried out 
repeatedly by turns, as above-mentioned, and each both ends of a barrier layer 
serve as a barrier layer. The well layer is formed by undoping, n mold impurities, 
such as Si and Sn, dope all barrier layers preferably by the concentration of 
1x1017 to 1x1019-/cm3, and they are formed. 

[0019] On the last barrier layer, p mold electronic confining layer 108, p mold 
lightguide layer 109. p mold cladding layer 110, and p mold contact layer 1 1 1 are 
formed as a p mold gallium nitride system compound semiconductor layer. Other 
layers except p mold cladding layer 1 10 are also omissible depending on laser, p 
mold gallium nitride system compound semiconductor layer needs to have a band 
gap larger than a barrier layer in the part which touches a barrier layer at least, 
therefore it is desirable that it is the presentation containing aluminum. Moreover, 
it is made to grow up, doping p mold impurity, and is good also as a p mold, and 
each class diffuses p mold impurity from other acUoining layers, and is good also as 
a p mold. 

[0020] from p mold gallium nitride system compound semiconductor in which p 
mold electronic confining layer 108 has aluminum mixed-crystal ratio higher than p 
mold cladding layer 110 — changing — desirable — AlxGa1-xN (O.K x<0.5) — it 
has a presentation. Moreover, p mold impurities, such as Mg, are preferably doped 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran.web_cgi_ejue 



2006/09/08 



JP,2003-031909.A [DETAILED DESCRIPTION] 6/1 1 ^— v 

by high concentration by the concentration of 5x1017 to 1x1019-/cm3. Thereby, p 
mold electronic confining layer 108 can shut up an electron effectively in a barrier 
layer, and reduces the threshold of laser. 

[0021] A ridge stripe is formed to the middle of p mold lightguide layer 109 among 
p mold gallium nitride system compound semiconductor layers, further, protective 
coats 161 and 162, p mold electrode 120, n mold electrode 121. p putt electrode 
1 22, and n putt electrode 1 23 are formed, and semiconductor laser is constituted. 
[0022] Although a light absorption field is formed of installation of an impurity 
atom, thermal diffusion, ion implantation, etc. are mentioned as the approach. 
However, in the case of thermal diffusion, at temperature lower than the 
temperature (about 1000 degrees C) which the crystal of a nitriding gallium 
compound semi-conductor decomposes, an atom must be spread in a lightguide 
and the impurity atom which can be chosen is limited. On the other hand, if an 
impurity atom is introduced by ion implantation, even if it uses what kind of atom, a 
semi-conductor does not amount to 1 000 degrees C, and an impurity atom can 
choose freely. 

[0023] Other advantages of ion implantation are adjusting acceleration voltage, and 
are being able to choose the introductory depth of an impurity atom. When thermal 
diffusion is used, concentration becomes low as concentration distribution of an 
impurity atom is high concentration most and a front face becomes deep. However, 
if ion implantation is used, formation of concentration distribution for which a 
concentration peak comes to the depth location of the request inside a crystal is 
also possible. In this invention, if it is desirable for the concentration peak of an 
impurity atom to be in the photoconductive wave member which leakage light 
generates and this uses ion implantation, it is realizable. 

[0024] The impurity atom to introduce is chosen by the diffusion coefficient in the 
gallium nitride semiconducting compound crystal of the atom. Generally, among 
laser oscillation, although a component generates heat and temperature rises, the 
atom introduced into the light absorption field will be diffused from end faces A 
and B by the concentration inclination. Although the diffusion length who does 
thermal diffusion at the temperature of about 100 degrees C is very a minute 
amount, it is more desirable for the atom with a large diffusion coefficient, like an 
atomic radius is small to have a possibility that it may be spread directly under a 
ridge, and to except from alternative generally. IVioreover, these atoms are 
excepted in order that Cu, Or, etc. may act as a killer dopant in a nitride semi- 
conductor luminescence device. Especially since aluminum, B, or N is introduced 
as an impurity atom to introduce, and the diffusion which originates in generation 
of heat at the time of laser actuation by setting distance with a ridge as the range 
of 0.5-10 micrometers is hardly produced, either and it does not act as a 
nonluminescent core in a GaN system luminescence device, it is desirable. 
[0025] What is necessary is Just to increase the amount of atomic installation to a 
light absorption field to make leakage light absorb completely, since the absorption 
coefficient of the matter increases depending on the amount of installation of an 
impurity atom. The association of a crystal itself is destroyed and an impurity atom 
stops however, functioning as a component, since it is introduced between the 
crystal lattices of a semi-conductor, when the amount beyond a limit is introduced. 
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The amount of instaflation of the impurity atom which fills both the absorption of 
light and maintenance of a crystal is 1x1013 to Ixl017-/cm2, and its further 
1x1014 to Ixl016-/cm2 is desirable. 

[0026] It is the laser using the gallium nitride system compound semiconductor of 
laser structure as shown in drawing 1 as an example below the [example 1], and 
the thing in which the light absorption field further shown in drawing 2 was formed 
is explained. 

[0027] (Substrate 101) As a substrate, by the gallium nitride system compound 
semiconductor and this example which were grown up into the different-species 
substrate, after growing up GaN with a thick film (100 micrometers), a different- 
species substrate is removed and the gallium nitride system compound 
semiconductor substrate which consists of 80-micrometer GaN is used. The 
detailed formation approach of a substrate is as follows. The different-species 
substrate which consists of sapphire which makes 2inchphi and C side a principal 
plane is set in a MOVPE reaction container, and temperature is made into 500 
degrees 0, and the buffer layer which consists of GaN is grown up by 200A 
thickness using trimethylgallium (TIViG) and ammonia (NH3), temperature is raised 
after that, GaN of undoping is grown up by 1-5-micrometer thickness, and it 
considers as a substrate layer. Next, two or more stripe-like masks are formed in a 
substrate layer fr-ont face, from mask opening (window part), selective growth of 
the GaN is carried out in a gallium nitride system compound semiconductor and 
this example, the gallium nitride system compound semiconductor layer formed by 
the growth (ELOG) accompanied by lateral growth is further grown up with a thick 
film, a different-species substrate, a buffer layer, and a substrate layer are 
removed, and a gallium nitride system compound semiconductor substrate is 
obtained. At this time, the mask at the time of selective growth consists of Si02, 
and let them be mask width efface of 15 micrometers, and opening (window part) 
width of face of 5 micrometers. 

[0028] (Buffer layer 102) On a gallium nitride system compound semiconductor 
substrate, temperature is made into 1 050 degrees 0 after buffer layer growth, and 
the buffer layer 102 which consists of aluminumO.05GaO.95N is grown up by 4- 
micrometer thickness using TMG (trimethylgallium), TMA (trimethylaluminum). and 
ammonia. This layer functions as a buffer layer between the gallium nitride system 
compound semiconductor substrates which serve as n mold contact layer of 
AIGaN from GaN. Next, the laminating of each class used as laser structure is 
carried out on the substrate layer which consists of a gallium nitride system 
compound semiconductor. 

[0029] (n mold contact layer 103) Silane gas is used as TMG, TMA, ammonia, and 
impurity gas on the buffer layer 102 obtained next, and n mold contact layer 103 
which consists of aluminumO.05GaO.95N which carried out Si dope at 1050 degrees 
0 is grown up by 4-micrometer thickness. 

[0030] (Crack prevention layer 1 04) Next, the crack prevention layer 1 04 which 
makes temperature 800 degrees C and consists of InO.06GaO.94N is grown up by 
0.15-micrometer thickness using TMG, TMI (trimethylindium), and ammonia. In 
addition, this crack prevention layer is omissible. 

[0031] (n mold cladding layer 105) Next, the B horizon which consists of GaN 
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which temperature was made into 1 050 degrees C, TMA, TMG, and ammonia were 
used for material gas, and the A horizon which consists of aluminumO.05GaO.95N of 
undoping was grown up by 25A thickness, then doped Si for TMA 5x1018-/cm3, 
using silane gas as a stop and impurity gas is grown up by 25A thickness. And this 
actuation is repeated 200 times, respectively, an A horizon and a B horizon carry 
out a laminating, and n mold cladding layer 1 06 which consists of multilayers 
(superstructure) of the 1 micrometer of the total thickness is grown up. If it is or 
more 0.05 0.3 or less range as an aluminum mixed-crystal ratio of Undoping AIGaN 
at this time, the refractive-index difference which fully functions as a cladding 
layer can be established. 

[0032] (n mold lightguide layer 106) Next, TMG and ammonia are used for material 
gas at the same temperature, and n mold lightguide layer 106 which consists of 
GaN of undoping is grown up by 0.15-micrometer thickness. iVioreover, n mold 
impurity may be doped. 

[0033] Temperature is made into 800 degrees 0. To material gas Next, TMI 
(trimethylindium), (Barrier layer 107) The barrier layer (B) which consists of 
InO.05GaO.95N which doped Si 5x1018-/cm3 using TMG and ammonia, using silane 
gas as impurity gas by 140A thickness The well layer (W) which consists silane gas 
of a stop and In0.1Ga0.9N of undoping is made into this barrier layer (B), and the 
laminating of the well layer (W) is made to the order of (B)/(W)/(B)/(W) by 55A 
thickness. A barrier layer 107 serves as multiplex quantum well structure (MOW) of 
about 500A of the total thickness. 

[0034] (p mold electronic confinement layer 108) Next, TMA, TMG, and ammonia 
are used for material gas at the same temperature, and p mold electronic 
confinement layer 108 which consists of aluminum0.3Ga0.7N which doped Mg 
1x1019-/cm3 is grown up by 100A thickness, using Cp2Mg (magnesium 
cyclopentadienyl) as impurity gas. Although especially this layer does not need to 
be prepared, it functions as electronic confinement by preparing, and contributes 
to the fall of a threshold. 

[0035] (p mold lightguide layer 109) Next, temperature is made into 1050 degrees 
0, TMG and ammonia are used for material gas, and p mold lightguide layer 109 
which consists of GaN of undoping is grown up by 0.15-micrometer thickness. 
Although this p mold lightguide layer 109 is grown up as undoping, by diffusion of 
Mg from the adjacent layer of p mold electronic confinement layer 108 and p mold 
cladding layer 109 grade, Mg concentration serves as 5x1016-/cm3, and it shows p 
mold. Moreover, this layer may dope Mg intentionally at the time of growth. 
[0036] (p mold cladding layer 110) Then, the layer which consists of undoping 
aluminumO.05GaO.95N at 1050 degrees 0 is grown up by 25A thickness, the layer 
which consists TMA of a Mg dope GaN using a stop and Cp2Mg continuously is 
grown up by 25A thickness, and p mold cladding layer 110 which repeats it 90 
times and consists of a superlattice layer of the 0.45 micrometers of the total 
thickness is grown up. Although p mold cladding layer is in the inclination for 
crystallinity to become good when the gallium nitride system compound 
semiconductor layer from which bandgap energy differs mutually is produced by 
the superlattice which carried out the laminating including the gallium nitride 
system compound semiconductor layer in which at least one side contains 
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aluminum, it dopes many impurities in one of layers and the so-called modulation 
dope is performed, you may dope like both. A cladding layer 1 1 0 is taken as the 
superstructure to which considering as the gallium nitride system compound 
semiconductor layer containing aluminum and the superstructure which contains 
AIXGal-XN (0< X<1) preferably carried out the laminating of GaN and the AIGaN 
desirable still more preferably. Since the refractive index of the cladding layer itself 
becomes small since aluminum mixed-crystal ratio of the whole cladding layer can 
be raised by making the p side cladding layer 110 into a superstructure, and 
bandgap energy becomes large further, it is very effective when reducing a 
threshold. Furthermore, since the pit generated in the cladding layer itself by 
having considered as superlattice becomes less than what is not used as 
superlattice, short generating also becomes low. 

[0037] (p mold contact layer 1 1 1 ) p mold contact layer 1 1 1 which finally consists 
of a p mold GaN which doped Mg 1x1020-/cm3 on p mold cladding layer 1 10 at 
1 050 degrees 0 is grown up by 1 50A thickness, p mold contact layer 1 1 1 can be 
constituted from InXAIYGa1-X-YN (0 <=X, 0<=Y, X+Y<=1) of p mold, and GaN 
which doped Mg preferably, then the p electrode 120 and the most desirable ohmic 
contact are acquired. Since the contact layer 111 is a layer which forms an 
electrode, it is desirable to consider as three or more lx1017-/cm high carrier 
concentration. When lower than 1x1017-/cm3, it is in the inclination it to become 
difficult to obtain an electrode and desirable OMIKKU. If the presentation of a 
contact layer is furthermore set to GaN, an electrode material and desirable 
OMIKKU will become is easy to be obtained. Annealing is performed for a wafer at 
700 degrees 0 among nitrogen-gas-atmosphere mind after reaction termination 
and in a reaction container, and p type layer is further formed into low resistance. 
[0038] After growing up a gallium nitride system compound semiconductor as 
mentioned above and carrying out the laminating of each class, a wafer is picked 
out from a reaction container, the protective coat which consists of Si02 is 
formed in the front face of p mold contact layer of the maximum upper layer, and it 
etches by SiGI4 gas using RIE (reactive ion etching), and as shown in drawing 1 , 
the front face of n mold contact layer 103 which should form n electrode is 
exposed. Thus, for etching a gallium nitride system compound semiconductor 
deeply, it considers as a protective coat, and Si02 is the optimal. 
[0039] Next, a ridge stripe is formed as a waveguide field of the shape of a stripe 
mentioned above. First, after forming in the whole surface mostly the 1st 
protective coat 161 of p mold contact layer (up contact layer) of the maximum 
upper layer which consists of an Si oxide (mainly Si02) by 0.5-micrometer 
thickness with PVD equipment, the mask of a predetermined configuration is 
covered on the 1st protective coat 161, and it considers as the 1st protective coat 
161 with a stripe width efface of 1.6 micrometers with a photolithography 
technique by RIE (reactive ion etching) equipment using CF4 gas. At this time, the 
height (etching depth) of a ridge stripe etches a part of p mold contact layer 111 
and p mold cladding layer 109, and p mold lightguide layer 110, and the thickness of 
p mold lightguide layer 109 etches and forms it to the depth used as 0.1 
micrometers. 

[0040] (Light absorption field) The mask of a resist is formed in the range 
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(equivalent to the surface parts of p mold cladding layer 110 and p mold lightguide 
layer 109 shown in drawing 2 ) from a ridge side face to 1 micrometer among the 
flat surfaces (exposure of p mold lightguide layer 109) which follow the top face, 
side face, and ridge side face of a ridge stripe. Next, boron ion is introduced with 
ion implantation equipment, and the light absorption field 1 shown in drawing 2 is 
formed. Ion implantation conditions set the amount of installation of boron ion 
(dose) to 1x1015-/cm2 for 6 minutes by acceleration voltage 30keV. 
[0041] Next, the 2nd protective coat 162 which consists of a Zr oxide (mainly 
Zr02) is continued and formed by 0.5-micrometer thickness from on the 1 st 
protective coat 161 on p mold lightguide layer 109 exposed by etching the 1st 
protective coat 161 top. 

[0042] A wafer is heat-treated at 600 degrees C after the 2nd protective coat 1 62 
formation. Thus, since it is hard coming to dissolve the 2nd protective coat after 
the 2nd protective coat membrane formation by heat-treating 300 degrees C or 
more preferably below with the decomposition temperature (1200 degrees C) of 
400 degrees C or more and a gallium nitride system compound semiconductor to 
the dissolution ingredient (fluoric acid) of the 1 st protective coat when ingredients 
other than Si02 are formed as the 2nd protective coat, it is still more desirable to 
add this process. 

[0043] Next, a wafer is immersed in fluoric acid and the 1st protective coat 161 is 
removed by the lift-off method. The 1st protective coat 161 prepared on p mold 
contact layer 1 1 1 is removed by this, and p mold contact layer is exposed. As 
shown in drawing 1 as mentioned above, the 2nd protective coat 1 62 is formed in 
the side face of a ridge stripe, and the flat surface (exposure of p mold lightguide 
layer 109) which follows it. 

[0044] Thus, after being removed, the 1st protective coat 161 prepared on p mold 
contact layer 112 forms the p electrode 120 which consists of nickel/Au in the 
front face of the exposed p mold contact layer 111, as shown in drawing 1 . 
However, as stripe width of face of 1 00 micrometers, the p electrode 1 20 is gone 
across and formed on the 2nd protective coat 1 62, as shown in drawing 1 . The n 
electrode 121 of the shape of a stripe which consists of Ti/aluminum is formed in 
the front face of already exposed n mold contact layer 103 in a direction parallel to 
a stripe after the 2nd protective coat 1 62 formation. 

[0045] next, after forming the dielectric multilayers 1 64 which carry out a mask to 
a desired field in order to prepare an ejection electrode, and become p and n 
electrode from Si02 and Ti02 in the field exposed by etching in order to form n 
electrode, it consists of nickel-Ti-Au (1000A-1000 A to 8000 A) on p and n 
electrode — it took out (putt) and the electrode 122,123 was formed, respectively. 
At this time, the width of face of a barrier layer 107 is 200 micrometers in width of 
face (width of face of a direction perpendicular to the direction of a resonator), and 
the dielectric multilayers which consist of Si02 and Ti02 are prepared also in a 
resonator side (reflector side). 

[0046] After forming n electrode and p electrode as mentioned above, in a 
direction perpendicular to a stripe-like electrode, it divides in the shape of a bar by 
the Mth page (Mth page of GaN (1 1-0 0) etc.) of a gallium nitride system 
compound semiconductor, a bar-like wafer is divided further, and laser is obtained. 
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At this time, cavity length is 650 micrometers. 

[0047] This laser component was installed in the heat sink, and when wire bonding 
of each pad electrode was carried out and laser oscillation was tried at the room 
temperature, in the oscillation wavelength of 400-420nm, and oscillation threshold- 
current consistency 2.9 kA/cm2, the room temperature continuous oscillation in 
single transverse mode was shown. Moreover, when FFP was measured, it became 
like drawing 3 , generating of a ripple was controlled sharply, and horizontal optical 
intensity distribution were smooth intensity distribution. The strong peak location 
was also mostly in agreement with the center position of FFP. 
[0048] The gallium nitride system semiconducting compound laser which changed 
the amount of installation of the impurity atom (boron) in the [example 2] example 
1 into 1x1014"/cm2, and formed the light absorption field was created, and it 
oscillated on an example 1 and these conditions. When FFP is measured, although 
some ripple has appeared like drawing 4 , as for horizontal optical intensity 
distribution, it turns out that the ripple is sharply restricted compared with the 
example of a comparison ( drawing 6 ). 

[0049] The gallium nitride system semiconducting compound laser which changed 
the amount of installation of the impurity atom (boron) in the [example 3] example 
1 into 1xl016-/cm2, and formed the light absorption field was created, and it 
oscillated on the same conditions as an example 1. When FFP is measured, 
although some ripple has appeared like drawing 5 , as for horizontal optical 
intensity distribution, it turns out that the ripple is sharply restricted compared 
with the example of a comparison ( drawing 6 ). 

[0050] The gallium nitride system semiconducting compound laser in the [example 
of comparison] example 1 thru/or 3 which removes like the formation fault of a 
light absorption field, and does not have a light absorption field was created, and it 
oscillated on the same conditions as an example 1. When FFP was measured, it 
was checked that the ripple has occurred in large quantities so that horizontal 
optical intensity distribution might be drawing 6 . As compared with drawing 3 
thru/or 5, it turned out that the peak location has shifted from the peak location of 
original FFP smoothly [ the configuration of optical intensity distribution ]. 
[0051] 

[Effect of the Invention] When the gallium nitride system compound semiconductor 
laser of this invention has the structure of having a light absorption field in a part 
of lightguide, the level transverse-mode control which is the fault of ridge guided 
wave mold stripe geometry is strengthened- Consequently, the ripple of FFP which 
had appeared in the conventional gallium nitride system compound semiconductor 
laser was eliminated efficiently. Consequently, the horizontal intensity distribution 
of FFP become smooth by removal of a ripple, and the peak location comes to be 
in agreement with the core of FFP, and it becomes possible to condense a laser 
spot with a sufficient precision by this. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to gallium nitride system 
semiconducting compound laser. 
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PRIOR ART 

[Description of the Prior Art] The demand to use to the optical disc system which 
the semiconductor laser using a nitride semi-conductor can reproduce 
[ information record and ] is high today. [ of large capacity, such as DVD, and high 
density ] It is considered by especially the next generation DVD treating digital 
image data for the short paddle blue laser of wavelength to be indispensable. As 
blue semiconductor laser, gallium nitride system semiconducting compound laser is 
the most leading. 

[0003] The laser spot used for data reading and the writing of an optical disk, for 
example, DVD, needs to be condensed by pinpoint, and, for that purpose, the 
center position of a far field pattern (a far field pattern, FFP) needs to become 
clear. Moreover, as for the perpendicular direction of FFP, and horizontal intensity 
distribution, it is desirable that it is Gaussian distribution. The condition of these 
intensity distribution can be called transverse mode, and it can control by 
structure of semiconductor laser. 

[0004] The typical structure of semiconductor laser is the double heterojunction 
structure (DH structure) which put the barrier layer by p mold and n mold cladding 
layer DH structure aims at the carrier locked-in effect to a barrier layer, and the 
locked-in effect of the light of a laminating perpendicular direction. The SCH 
structure where the lightguide layer is formed between [ each ] the barrier layer, p 
mold, and n mold cladding layer is in a kind of DH structure, and light is confined in 
the lightguide which consists of three layers of a barrier layer and a lightguide layer 
with this configuration. Thus, the transverse mode (perpendicular transverse mode) 
of the laminating perpendicular direction of light is controllable by SCH structure. 
[0005] Stripe geometry is used in order to also control the transverse mode (level 
transverse mode) of a laminating horizontal direction further in addition to the 
perpendicular transverse mode of light. Stripe geometry is divided roughly into gain 
guided wave mold stripe geometry and refractive-index guided wave mold stripe 
geometry. Light is confined in the directly under field of a ridge by the difference of 
the effectual refractive index of the directly under field of a ridge, and the other 
field (the field outside a ridge is called) in inside, and the level transverse mode of 
light has the ridge guided wave mold stripe geometry controlled. 
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[Effect of the Invention] When the gallium nitride system compound semiconductor 
laser of this invention has the structure of having a light absorption field in a part 
of lightguide, the level transverse-mode control which is the fault of ridge guided 
wave mold stripe geometry is strengthened. Consequently, the ripple of FFP which 
had appeared in the conventional gallium nitride system compound semiconductor 
laser was eliminated efficiently. Consequently, the horizontal intensity distribution 
of FFP become smooth by removal of a ripple, and the peak location comes to be 
in agreement with the core of FFP, and it becomes possible to condense a laser 
spot with a sufficient precision by this. 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web.cgi^ejje 



2006/09/08 



JP.2003-031909.A [TECHNICAL PROBLEM] 1/1 ^—i} 

* NOTICES **. 

V 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, in fact, the optical 
confinement in said ridge guided wave mold stripe geometry is not perfect, and the 
light of a minute amount is beginning to leak from the directly under field of a ridge 
to the field outside a ridge. The light (leakage light) which began to leak from the 
directly under field of a ridge is emitted with the laser beam to oscillate, and 
appears as a noise (ripple) in FFP. By this ripple of FFP, trouble is caused to 
condensing of a laser spot and it becomes the cause of the read-out and the write 
error of optical disc systems, such as DVD. Then, this invention aims at obtaining 
the laser in which FFP without a ripple is shown. 
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MEANS 

[Means for Solving the Problem] In order to solve a technical problem, this 
invention has the laminated structure which sandwiched the barrier layer which 
consists of a gallium nitride system compound semiconductor in p mold gallium 
nitride system compound semiconductor layer and n mold gallium nitride system 
compound semiconductor layer. In the gallium nitride system compound 
semiconductor laser with which p mold gallium nitride system compound 
semiconductor layer is partially removed, and the ridge is formed It is 
characterized by forming the light absorption field which estranges in p mold 
gallium nitride system semi-conductor layer of said ridge both sides from the 
directly under field of said ridge, introduces the impurity atom except Cu and Cr 
into it, and grows into it. No matter what atom [ impurity ] it may introduce, since 
an absorption-of-light multiplier rises, especially the class of impurity atom to 
introduce is not limited, but if spread to the carrier recombination field in a 
luminous layer, since *5fie**5i<* and luminescence reinforcement will fall as a 
nonluminescent recombination center, neither Cu nor Cr is desirable. Moreover, 
since the diffusion coefficient in the inside of the gallium nitride system compound 
semiconductor of the impurity atom to introduce may move too that it is a large 
atom to the directly under field of a ridge after installation and may check 
luminescence, it is desirable to introduce an atom with the small diffusion 
coefficient of the small atom of an atomic radius etc. Still more preferably, mobility 
introduces the impurity atom of either of low B, aluminum, and N, and forms a light 
absorption field. 

[0008] In this invention, two conditions are mentioned at worst about the location 
which forms a light absorption field. The first condition of the location which forms 
a light absorption field is removing the directly under field of a ridge. The directly 
under field of a ridge is a guided wave field of light, and forming an absorption field 
there becomes the cause of reducing the luminous efficiency of laser. Next, it 
becomes conditions that a light absorption field does not touch the directly under 
field of a ridge. After introducing an impurity atom, even if it is predicted by 
thermal diffusion that an impurity atom is spread and expansion of a light 
absorption field breaks out as the result by it, it is for making it not trespass upon 
the directly under field of a ridge. 

[0009] Moreover, forming a light absorption field in the location which does not 
touch the directly under field of a ridge is based also on the reason explained 
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below. Ridge guided wave mold structure has the description that the effectual 
refractive indexes of the directly under field of a ridge and the field outside a ridge 
differ, and when light reflects in the interface of the refractive index, it controls 
the level transverse mode. Installation of an impurity atom must be careful also of 
the effectiveness of changing a refractive index for an impurity atom not to 
trespass upon the refractive-index interface of ridge structure from a certain 
thing. Therefore, in consideration of migration of the impurity atom by thermal 
diffusion, it is necessary to form a light absorption field in the location distant from 
ridge both ends. Moreover, in order for the function of the leakage absorption of 
light to work effectively, the distance of a ridge and a light absorption field must 
not separate too much. The clearance for which are suitable is set to 0.5-10 
micrometers from atomic thermal diffusion and the balance of the light absorption 
effectiveness, and it is 1-5 micrometers still more preferably. 

[0010] It is desirable to introduce an impurity atom by the ion implantation which is 
excellent in this invention at control of the impurity atom installation location of 
the depth direction, control of the amount of impurity atom installation, and mass- 
production nature although what kind of approach may be used for installation of 
an impurity atom. Moreover, since it generates in a lightguide. as for leakage light, 
it is desirable to locate the peak of concentration distribution of the impurity atom 
in the depth direction in a lightguide. A lightguide points out the set of all the 
layers pinched by p mold and n mold cladding layer, and this means the layer in 
which light mainly closes and eye is performed here. Between p mold and n 
mold cladding layer, since the lightguide layer, the electronic confining layer, etc. 
are formed other than the barrier layer, it is considered that those layers are a 
part of lightguides. 

[0011] In the light absorption field used by this invention, an absorption coefficient 
increases by enlarging the consistency of an impurity atom. When there are too 
many amounts of installation, the crystal lattice itself is destroyed and it stops 
however, functioning as a laser component. In order to realize the leakage 
absorption-of-light function which is the purpose of this invention, maintaining the 
crystal structure, the amount of the impurity atom to introduce is 1x1014 to 
Ixl016-/cm2 preferably that what is necessary is just to be in the range of 
1x1013 to Ixl017-/cm2. 
[0012] 

[Embodiment of the Invention] As a gallium nitride system compound 
semiconductor used for the gallium nitride system compound semiconductor laser 
of this invention, there is a gallium nitride system compound semiconductor 
(InxAlyGal-x-yN, 0<=x, 0<=y, x+y<=l) which are GaN. AIN, InN(s), or such mixed 
crystal. In addition, the mixed crystal which permuted said some of gallium nitride 
system compound semiconductors by B and P is sufficient. 
[0013] Drawing 1 is the sectional view showing an example of the gallium nitride 
system compound semiconductor laser concerning this invention. The barrier layer 
107 which consists of InxGal-xN (0<=x<l) on the GaN substrate 101 is 
sandwiched by the n mold AlyGal-yN (0<=y<l) layers 103-106 (the values of y 
differ for each class), and the p mold AlzGal-zN (0<=z<l) layers 108-1 1 1 (the 
values of z differ for each class), and terrorism structure is formed in the so-called 
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double. 

[0014] Drawing 2 extracts and Illustrates the part about formation of a light 
absorption field among the laminated structures of the semiconductor laser shown 
in drawing 1 . After the light absorption field 1 carries out the laminating of the 
lightguide layer 109 and the cladding layer 110 one by one and subsequently forms 
a ridge stripe, it introduces an impurity atom into the position of p mold lightguide 
layer which became unreserved, and is formed in it. As for aperture-width w' of a 
light absorption field, and the relation with the ridge width of face w, it is desirable 
to make it w'>=w+1 micrometer Moreover, the end face A of a light absorption field, 
the end face C of the directly under field of a ridge, and the end face B of a light 
absorption field and the end face D of the directly under field of a ridge leave 
respectively only 0.5-10 micrometers of locations which form the light absorption 
field 1, and leaves them only 1-5 micrometers respectively still more preferably. 
Moreover, although it is desirable that it is bilateral symmetry as for the physical 
relationship of two end faces A and B of the light absorption field centering on a 
ridge, it may not be bilateral symmetry. 

[0015] Hereafter, the detail of structure is explained about the gallium nitride 
system compound semiconductor laser shown in drawing 1 . Although it is desirable 
as a substrate 101 to use GaN, a different different-species substrate from a 
gallium nitride system compound semiconductor may be used. The sapphire which 
makes a principal plane either C side, the Rth page and the Ath page as a 
different-species substrate, for example, Spinel (an insulating substrate like MgA 
1 204, SiC (4H 6H)) ZnS, ZnO, GaAs and Si containing 30, the oxide substrate 
which carries out lattice matching to a gallium nitride system compound 
semiconductor can grow up a gallium nitride system compound semiconductor, and 
is known from the former, and a different substrate ingredient from a gallium nitride 
system compound semiconductor can be used. Sapphire and a spinel are 
mentioned as a desirable different-species substrate. Moreover, a different- 
species substrate is desirable in order that the substrate layer which consists of 
gallium nitride may grow with sufficient crystallinity, if what may be carrying out 
the off angle type and carried out the off angle type to the shape of a step in this 
case is used. Furthermore, the approach of removing a different-species substrate 
by approaches, such as polish, forming laser structure as a simple substance 
substrate of a gallium nitride system compound semiconductor after growing up 
the gallium nitride system compound semiconductor used as the substrate layer 
before laser structure formation on a different-species substrate, in using a 
different-species substrate, and removing a different-species substrate after laser 
structure formation may be used. 

[0016] If it forms laser structure through a buffer layer (low-temperature growth 
phase) and the substrate layer which consists of a gallium nitride system 
compound semiconductor (preferably GaN) in using a different-species substrate, 
growth of a gallium nitride system compound semiconductor will become good. 
Moreover, if the gallium nitride system compound semiconductor which used as the 
substrate layer (growth substrate) prepared on a different-species substrate, in 
addition carried out ELOG (Epitaxially Laterally Overgrowth) growth is used, a 
growth substrate with good crystallinity will be obtained. The mask field where the 
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gallium nitride ^system compound semiconductor layer was grown up, and growth of 
a gallium nrtride system compound semiconductor prepared and formed the difficult 
protective coat on the front face on the different-species substrate as an example 
of an ELOG growth phase. By preparing the non-mask field into which a gallium 
nitride system compound semiconductor is grown up in the shape of a stripe, and 
growing up a gallium nitride system compound semiconductor from the non-mask 
field In addition to growth in the direction of thickness, when growth in a 
longitudinal direction accomplishes, there is a layer in which the gallium nitride 
system compound semiconductor grew up to be also a mask field, and was formed 
The layer which opening is prepared in the gallium nitride system compound 
semiconductor layer grown up on the different-species substrate with other 
gestalten, and the growth in a longitudinal direction from the opening side face is 
made, and is formed is sufficient. 

[0017] On the substrate 101, n mold contact layer 103 which is n mold gallium 
nitride system compound semiconductor layer, the crack prevention layer 104, n 
mold cladding layer 105, and n mold lightguide layer 106 are formed through the 
buffer layer 102. Other layers except n mold cladding layer 105 are also omissible 
depending on laser, n mold gallium nitride system compound semiconductor layer 
needs to have a band gap larger than a barrier layer in the part which touches a 
barrier layer at least, therefore it is desirable that it is the presentation containing 
aluminum. Moreover, it is made to grow up, doping n mold impurity, and is good also 
as an n mold, and each class is grown up by undoping and is good also as an n 
mold. 

[0018] The barrier layer 107 is formed on n mold gallium nitride system compound 
semiconductor layers 103-106. The barrier layer 107 has the MOW structure 
where the laminating only of the count with suitable Inx1Ga1-x2N well layer 
(0<x1<1) and Inx2Ga1-x2N barrier layer (0 <=x2<1, x1> x2) was carried out 
repeatedly by turns, as above-mentioned, and each both ends of a barrier layer 
serve as a barrier layer. The well layer is formed by undoping, n mold impurities, 
such as Si and Sn, dope all barrier layers preferably by the concentration of 
1x1017 to 1x1019-/cm3, and they are formed. 

[0019] On the last barrier layer, p moid electronic confining layer 108, p mold 
lightguide layer 109, p mold cladding layer 110, and p mold contact layer 1 1 1 are 
formed as a p mold gallium nitride system compound semiconductor layer. Other 
layers except p mold cladding layer 1 10 are also omissible depending on laser, p 
mold gallium nitride system compound semiconductor layer needs to have a band 
gap larger than a barrier layer in the part which touches a barrier layer at least, 
therefore it is desirable that it is the presentation containing aluminum. Moreover, 
it is made to grow up, doping p mold impurity, and is good also as a p mold, and 
each class diffuses p mold impurity from other adjoining layers, and is good also as 
a p mold. 

[0020] from p mold gallium nitride system compound semiconductor in which p 
mold electronic confining layer 108 has aluminum mixed-crystal ratio higher than p 
mold cladding layer 110 — changing — desirable — AlxGal-xN (O.K x<0.5) — it 
has a presentation. Moreover, p mold impurities, such as Mg, are preferably doped 
by high concentration by the concentration of 5x1017 to 1x1019-/cm3- Thereby, p 
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mold electronic confining layer 1 08 can shut up an electron effectively in a barrier 
layer, and reduces the threshold of laser. 

[0021] A ridge stripe is formed to the middle of p mold lightguide layer 109 among 
p mold gallium nitride system compound semiconductor layers, further, protective 
coats 161 and 162, p mold electrode 120, n mold electrode 121, p putt electrode 
1 22, and n putt electrode 1 23 are formed, and semiconductor laser is constituted. 
[0022] Although a light absorption field is formed of installation of an impurity 
atom, thermal diffusion, ion implantation, etc. are mentioned as the approach. 
However, in the case of thermal diffusion, at temperature lower than the 
temperature (about 1 000 degrees C) which the crystal of a nitriding gallium 
compound semi-conductor decomposes, an atom must be spread in a lightguide 
and the impurity atom which can be chosen is limited. On the other hand, if an 
impurity atom is introduced by ion implantation, even if it uses what kind of atom, a 
semi-conductor does not amount to 1000 degrees C, and an impurity atom can 
choose freely. 

[0023] Other advantages of ion implantation are adjusting acceleration voltage, and 
are being able to choose the introductory depth of an impurity atom. When thermal 
diffusion is used, concentration becomes low as concentration distribution of an 
impurity atom is high concentration most and a front face becomes deep. However, 
if ion implantation is used, formation of concentration distribution for which a 
concentration peak comes to the depth location of the request inside a crystal is 
also possible. In this invention, if it is desirable for the concentration peak of an 
impurity atom to be in the photoconductive wave member which leakage light 
generates and this uses ion implantation, it is realizable. 

[0024] The impurity atom to introduce is chosen by the diffusion coefficient in the 
gallium nitride semiconducting compound crystal of the atom. Generally, among 
laser oscillation, although a component generates heat and temperature rises, the 
atom introduced into the light absorption field will be diffused from end faces A 
and B by the concentration inclination. Although the diffusion length who does 
thermal diffusion at the temperature of about 1 00 degrees C is very a minute 
amount, it is more desirable for the atom with a large diffusion coefficient, like an 
atomic radius is small to have a possibility that it may be spread directly under a 
ridge, and to except from alternative generally. Moreover, these atoms are 
excepted in order that Cu, Or, etc. may act as a killer dopant in a nitride semi- 
conductor luminescence device. Especially since aluminum, B, or N is introduced 
as an impurity atom to introduce, and the diffusion which originates in generation 
of heat at the time of laser actuation by setting distance with a ridge as the range 
of 0.5-10 micrometers is hardly produced, either and it does not act as a 
nonluminescent core in a GaN system luminescence device, it is desirable. 
[0025] What is necessary is just to increase the amount of atomic installation to a 
light absorption field to make leakage light absorb completely, since the absorption 
coefficient of the matter increases depending on the amount of installation of an 
impurity atom. The association of a crystal itself is destroyed and an impurity atom 
stops however, functioning as a component, since it is introduced between the 
crystal lattices of a semi-conductor, when the amount beyond a limit is introduced. 
The amount of installation of the impurity atom which fills both the absorption of 
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light and maintenance of a crystal is 1x1013 to 1x1017-/cm2, and its further 
1x1014 to 1x101 6-/cm2 is desirable. 

[0026] It is the laser using the gallium nitride system compound semiconductor of 
laser structure as shown in drawing 1 as an example below the [example 1], and 
the thing in which the light absorption field further shown in drawing 2 was formed 
is explained. 

[0027] (Substrate 101) As a substrate, by the gall ium nitride system compound 
semiconductor and this example which were grown up into the different-species 
substrate, after growing up GaN with a thick film (100 micrometers), a different- 
species substrate is removed and the gallium nitride system compound 
semiconductor substrate which consists of 80-micrometer GaN is used. The 
detailed formation approach of a substrate is as follows. The different-species 
substrate which consists of sapphire which makes 2inchphi and 0 side a principal 
plane is set in a MOVPE reaction container, and temperature is made into 500 
degrees 0, and the buffer layer which consists of GaN is grown up by 200A 
thickness using trimethylgallium (TMG) and ammonia (NH3X temperature is raised 
after that, GaN of undoping is grown up by 1 .5-micrometer thickness, and it 
considers as a substrate layer. Next, two or more stripe-like masks are formed in a 
substrate layer front face, from mask opening (window part), selective growth of 
the GaN is carried out in a gallium nitride system compound semiconductor and 
this example, the gallium nitride system compound semiconductor layer formed by 
the growth (ELOG) accompanied by lateral growth is further grown up with a thick 
film, a different-species substrate, a buffer layer, and a substrate layer are 
removed, and a gallium nitride system compound semiconductor substrate is 
obtained. At this time, the mask at the time of selective growth consists of Si02, 
and let them be mask width efface of 15 micrometers, and opening (window part) 
width of face of 5 micrometers. 

[0028] (Buffer layer 102) On a gallium n itride system compound semiconductor 
substrate, temperature is made into 1 050 degrees C after buffer layer growth, and 
the buffer layer 102 which consists of aluminumO.05GaO.95N is grown up by 4- 
micrometer thickness using TMG (trimethylgallium), TMA (trimethylaluminum), and 
ammonia. This layer functions as a buffer layer between the gallium nitride system 
compound semiconductor substrates which serve as n mold contact layer of 
AIGaN from GaN. Next, the laminating of each class used as laser structure is 
carried out on the substrate layer which consists of a gallium nitride system 
compound semiconductor. 

[0029] (n mold contact layer 103) Silane gas is used as TMG, TMA, ammonia, and 
impurity gas on the buffer layer 102 obtained next, and n mold contact layer 103 
which consists of aluminumO.05GaO.95N which carried out Si dope at 1050 degrees 
0 is grown up by 4-micrometer thickness. 

[0030] (Crack prevention layer 104) Next, the crack prevention layer 104 which 
makes temperature 800 degrees 0 and consists of InO.06GaO.94N is grown up by 
0.1 5-micrometer thickness using TMG, TMI (trimethylindium), and ammonia. In 
addition, this crack prevention layer is omissible. 

[0031] (n mold cladding layer 105) Next, the B horizon which consists of GaN 
which temperature was made into 1050 degrees 0, TMA, TMG, and ammonia were 
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used for matenal gas, and the A horizon which consists of aluminumO.05GaO.95N of 
undbping was grown up by 25A thickness, then doped Si for TlViA 5x1018-/cm3, 
using silane gas as a stop and impurity gas is grown up by 25A thickness. And this 
actuation is repeated 200 times, respectively, an A horizon and a B horizon carry 
out a laminating, and n mold cladding layer 106 which consists of multilayers 
(superstructure) of the 1 micrometer of the total thickness is grown up. If it is or 
more 0.05 0.3 or less range as an aluminum mixed-crystal ratio of Undoping AIGaN 
at this time, the refractive-index difference which fully functions as a cladding 
layer can be established. 

[0032] (n mold lightguide layer 106) Next, TMG and ammonia are used for material 
gas at the same temperature, and n mold lightguide layer 106 which consists of 
GaN of undoping is grown up by 0.15-micrometer thickness. Moreover, n mold 
impurity may be doped. 

[0033] Temperature is made into 800 degrees 0. To material gas Next, TMI 
(trimethylindium), (Barrier layer 1 07) The barrier layer (B) which consists of 
InO.05GaO.95N which doped Si 5x1018-/cm3 using TMG and ammonia, using silane 
gas as impurity gas by 140A thickness The well layer (W) which consists silane gas 
of a stop and In0.1Ga0.9N of undoping is made into this barrier layer (B), and the 
laminating of the well layer (W) is made to the order of (B)/(W)/(B)/(W) by 55A 
thickness. A barrier layer 107 serves as multiplex quantum well structure (MQW) of 
about 500A of the total thickness. 

[0034] (p mold electronic confinement layer 108) Next, TMA, TMG. and ammonia 
are used for material gas at the same temperature, and p mold electronic 
confinement layer 108 which consists of aiuminum0.3Ga0.7N which doped Mg 
Ixl019-/cm3 is grown up by 100A thickness, using Cp2Mg (magnesium 
cyclopentadienyl) as impurity gas. Although especially this layer does not need to 
be prepared, it functions as electronic confinement by preparing, and contributes 
to the fall of a threshold. 

[0035] (p mold lightguide layer 109) Next, temperature is made into 1050 degrees 
0, TMG and ammonia are used for material gas, and p mold lightguide layer 109 
which consists of GaN of undoping is grown up by 0.15-micrometer thickness. 
Although this p mold lightguide layer 109 is grown up as undoping, by diffusion of 
Mg from the adjacent layer of p mold electronic confinement layer 1 08 and p mold 
cladding layer 109 grade, Mg concentration serves as 5x1016-/cm3, and it shows p 
mold. Moreover, this layer may dope Mg intentionally at the time of growth. 
[0036] (p mold cladding layer 110) Then, the layer which consists of undoping 
aluminumO.05GaO.95N at 1 050 degrees 0 is grown up by 25A thickness, the layer 
which consists TMA of a Mg dope GaN using a stop and Cp2Mg continuously is 
grown up by 25A thickness, and p mold cladding layer 110 which repeats it 90 
times and consists of a superlattice layer of the 0.45 micrometers of the total 
thickness is grown up. Although p mold cladding layer is in the inclination for 
crystallinity to become good when the gallium nitride system compound 
semiconductor layer from which bandgap energy differs mutually is produced by 
the superlattice which carried out the laminating including the gallium nitride 
system compound semiconductor layer in which at least one side contains 
aluminum, it dopes many impurities in one of layers and the so-called modulation 
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dope is performed, you may dope like both. A cladding layer 110 is taken as the 
superstructure to which considering as the gallium nitride system compound 
semiconductor layer containing aluminum and the superstructure which contains 
AIXGal-XN (0< X<1) preferably carried out the laminating of GaN and the AIGaN 
desirable still more preferably. Since the refractive index of the cladding layer itself 
becomes small since aluminum mixed-crystai ratio of the whole cladding layer can 
be raised by making the p side cladding layer 1 1 0 into a superstructure, and 
bandgap energy becomes large further, it is very effective when reducing a 
threshold. Furthermore, since the pit generated in the cladding layer Itself by 
having considered as superlattice becomes less than what is not used as 
superlattice, short generating also becomes low. 

[0037] (p mold contact layer 1 1 1 ) p mold contact layer 1 1 1 which finally consists 
of a p mold GaN which doped Mg 1x1020-/cm3 on p mold cladding layer 1 10 at 
1050 degrees C is grown up by 150A thickness, p mold contact layer 1 1 1 can be 
constituted from InXAIYGa1-X-YN (0 <=X, 0<=Y, X+Y<=1) of p mold, and GaN 
which doped Mg preferably, then the p electrode 1 20 and the most desirable ohmic 
contact are acquired. Since the contact layer 111 is a layer which forms an 
electrode, it is desirable to consider as three or more 1x1017-/cm high carrier 
concentration. When lower than 1x1017-/cm3, it is in the inclination it to become 
difficult to obtain an electrode and desirable OMIKKU. If the presentation of a 
contact layer is furthermore set to GaN, an electrode material and desirable 
OMIKKU will become is easy to be obtained. Annealing is performed for a wafer at 
700 degrees 0 among nitrogen-gas-atmosphere mind after reaction termination 
and in a reaction container, and p type layer is further formed into low resistance. 
[0038] After growing up a gallium nitride system compound semiconductor as 
mentioned above and carrying out the laminating of each class, a wafer is picked 
out from a reaction container, the protective coat which consists of Si02 is 
formed in the front face of p mold contact layer of the maximum upper layer, and it 
etches by SiCI4 gas using RIE (reactive ion etching), and as shown in drawing 1 , 
the front face of n mold contact layer 103 which should form n electrode is 
exposed. Thus, for etching a gallium nitride system compound semiconductor 
deeply, it considers as a protective coat, and Si02 is the optimal. 
[0039] Next, a ridge stripe is formed as a waveguide field of the shape of a stripe 
mentioned above. First, after forming in the whole surface mostly the 1st 
protective coat 161 of p mold contact layer (up contact layer) of the maximum 
upper layer which consists of an Si oxide (mainly Si02) by 0.5-micrometer 
thickness with PVD equipment, the mask of a predetermined configuration is 
covered on the 1st protective coat 161, and it considers as the 1st protective coat 
161 with a stripe width efface of 1.6 micrometers with a photolithography 
technique by RIE (reactive ion etching) equipment using CF4 gas. At this time, the 
height (etching depth) of a ridge stripe etches a part of p mold contact layer 111 
and p mold cladding layer 109, and p mold lightguide layer 1 10, and the thickness of 
p mold lightguide layer 109 etches and forms it to the depth used as 0.1 
micrometers. 

[0040] (Light absorption field) The mask of a resist is formed in the range 
(equivalent to the surface parts of p mold cladding layer 110 and p mold lightguide 
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layer 1 09 shown in drawing 2 ) from a ridge side face to 1 micrometer among the 
flat surfaces (exposure of p mold lightguide layer 109) which follow the top face, 
side face, and ridge side face of a ridge stripe. Next, boron ion is introduced with 
ion implantation equipment, and the light absorption field 1 shown in drawing 2 is 
formed. Ion implantation conditions set the amount of installation of boron ion 
(dose) to 1x1015-/cm2 for 6 minutes by acceleration voltage 30keV. 
[0041] Next, the 2nd protective coat 162 which consists of a Zr oxide (mainly 
Zr02) is continued and formed by O.S-micrometer thickness from on the 1 st 
protective coat 161 on p mold lightguide layer 109 exposed by etching the 1st 
protective coat 161 top. 

[0042] A wafer is heat-treated at 600 degrees C after the 2nd protective coat 1 62 
formation. Thus, since it is hard coming to dissolve the 2nd protective coat after 
the 2nd protective coat membrane formation by heat-treating 300 degrees C or 
more preferably below with the decomposition temperature (1200 degrees C) of 
400 degrees C or more and a gallium nitride system compound semiconductor to 
the dissolution ingredient (fluoric acid) of the 1 st protective coat when ingredients 
other than Si02 are formed as the 2nd protective coat, it is still more desirable to 
add this process. 

[0043] Next, a wafer is immersed in fluoric acid and the 1st protective coat 161 is 
removed by the lift-off method- The 1st protective coat 161 prepared on p mold 
contact layer 1 1 1 is removed by this, and p mold contact layer is exposed. As 
shown in drawing 1 as mentioned above, the 2nd protective coat 162 is formed in 
the side face of a ridge stripe, and the flat surface (exposure of p mold lightguide 
layer 1 09) which follows it. 

[0044] Thus, after being removed, the 1st protective coat 161 prepared on p mold 
contact layer 1 1 2 forms the p electrode 1 20 which consists of nickel/Au in the 
front face of the exposed p mold contact layer 111, as shown in drawing 1 . 
However, as stripe width of face of 100 micrometers, the p electrode 120 is gone 
across and formed on the 2nd protective coat 1 62, as shown in drawing 1 . The n 
electrode 121 of the shape of a stripe which consists of Ti/aluminum is formed in 
the front face of already exposed n mold contact layer 103 in a direction parallel to 
a stripe after the 2nd protective coat 1 62 formation. 

[0045] next, after forming the dielectric multilayers 1 64 which carry out a mask to 
a desired field in order to prepare an ejection electrode, and become p and n 
electrode from Si02 and Ti02 in the field exposed by etching in order to form n 
electrode, it consists of nickel-Ti-Au (1000A-1000 A to 8000 A) on p and n 
electrode — it took out (putt) and the electrode 1 22,1 23 was formed, respectively. 
At this time, the width of face of a barrier layer 107 is 200 micrometers in width of 
face (width of face of a direction perpendicular to the direction of a resonator), and 
the dielectric multilayers which consist of Si02 and Ti02 are prepared also in a 
resonator side (reflector side). 

[0046] After forming n electrode and p electrode as mentioned above, in a 
direction perpendicular to a stripe-like electrode, it divides in the shape of a bar by 
the IVlth page (Mth page of GaN (1 1-0 0) etc.) of a gallium nitride system 
compound semiconductor, a bar-like wafer is divided further, and laser is obtained. 
At this time, cavity length is 650 micrometers. 
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[0047] This laser component was installed in the heat sink, and when wire bonding 
of each pad electrode was carried out and laser oscillation was tried at the room 
temperature, in the oscillation wavelength of 400-420nm, and oscillation threshold- 
current consistency 2,9 kA/cm2, the room temperature continuous oscillation in 
single transverse mode was shown. Moreover, when FFP was measured, it became 
like drawing 3 , generating of a ripple was controlled sharply, and horizontal optical 
intensity distribution were smooth intensity distribution. The strong peak location 
was also mostly in agreement with the center position of FFP. 
[0048] The gallium nitride system semiconducting compound laser which changed 
the amount of installation of the impurity atom (boron) in the [example 2] example 
1 into 1x1014-/cm2, and formed the light absorption field was created, and it 
oscillated on an example 1 and these conditions. When FFP is measured, although 
some ripple has appeared like drawing 4 , as for horizontal optical intensity 
distribution, it turns out that the ripple is sharply restricted compared with the 
example of a comparison ( drawing 6 ). 

[0049] The gallium nitride system semiconducting compound laser which changed 
the amount of installation of the impurity atom (boron) in the [example 3] example 
1 into 1x1016-/cm2. and formed the light absorption field was created, and it 
oscillated on the same conditions as an example 1 . When FFP is measured, 
although some ripple has appeared like drawing 5 , as for horizontal optical 
intensity distribution, it turns out that the ripple is sharply restricted compared 
with the example of a comparison ( drawing 6 ). 

[0050] The gallium nitride system semiconducting compound laser in the [example 
of comparison] example 1 thru/or 3 which removes like the formation fault of a 
light absorption field, and does not have a light absorption field was created, and it 
oscillated on the same conditions as an example 1 . When FFP was measured, it 
was checked that the ripple has occurred in large quantities so that horizontal 
optical intensity distribution might be drawing 6 . As compared with drawing 3 
thru/or 5, it turned out that the peak location has shifted from the peak location of 
original FFP smoothly [ the configuration of optical intensity distribution ]. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the type section Fig. of the semiconductor laser explaining the 
operation gestalt of this invention. 

[Drawing 2] It is drawing which extracted the configuration around the light 
absorption field of it among the operation gestalten of this invention. 
[Drawing 3] They are the intensity distribution of FFP of the laser of an example 1 
which can be set horizontally. 

[Drawing 4] They are the intensity distribution of FFP of the laser of an example 2 
which can be set horizontally. 

[Drawing 5] They are the intensity distribution of FFP of the laser of an example 3 
which can be set horizontally. 

[Drawing 6] They are the intensity distribution of FFP of the laser of the example 
of a comparison which can be set horizontally. 
[Brief Description of Notations] 
1 ... Light absorption layer 
w ... Ridge width of face 

w' ... Aperture width of a light absorption field 

A ... End face of a light absorption field 

B ... End face of a light absorption field 

C ... End face of the directly under field of a ridge 

D ... End face of the directly under field of a ridge 

101 ... Substrate (GaN substrate) 

1 02 ... Buffer layer 

103 ... n mold contact layer 

104 ... Crack prevention layer 

105 ... n mold cladding layer 

106 ... n mold lightguide layer 

1 07 ... Barrier layer 

1 08 ... p mold electronic confinement layer 

1 09 ... p mold lightguide layer 

110 ... p mold cladding layer 

111 ... p mold contact layer 

120 ... p electrode 

121 ... n electrode 
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1 22 ... p pad electrode 
123"... n pad etectrode 

1 63 ... The 3rd protective coat 

1 64 ... Insulator layer 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 6] 
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